Abstract-Prediction of Leishmaniasis risk based on socioenvironmental factors and its possible spatial relationships is investigated in a Leishmaniasis endemic area of Isfahan, Iran. The Geographical Information System (GIS) is used to link the spatial and significant socio-environmental indicators with the disease data. Using fuzzy AHP weighting method five classes of risk categories ranging from "very low" to "very high" are identified. Spatial analysis is performed to determine the contribution of several environmental factors to the prevalence of the Leishmaniasis disease, and produce a GIS-based risk map showing the relative disease distribution risk level over the study area.
INTRODUCTION
Leishmaiasis is a parasitic infection which can be caused by several different protozoa. These very simple organisms generally live in animals specially mice, and they are picked up by sand flies when those flies feed on animal populations. When the sand flies bite humans, the humans in turn are infected with the protozoa. According to the reports of World Health Organization (WHO) Leishmaniasis is endemic in 88 countries throughout the world with the total number of 12 million cases worldwide and with 1.5 to 2 million newly cases each year. Most (more than 90%) of the world's cases of Leishmaniasis occur in eight countries: Afghanistan, Algeria, Iran, Iraq, Saudi Arabia, Syria, Brazil and Peru.
Human Cutaneous Leishmaniasis is endemic in several parts of Iran and unfortunately, there is no definite treatment for this disease (Nilforoushzadeh et al. 2007) . Although this disease dose not result in death, but because of long lasting lesions, cosmetic problems, great expenses of treatment, length of cycle and side effects of the available drugs, it has created many problems.
While public health has implemented different kinds of important prevention actions regarding the reduction of sandfly population and small rodents (gerbils) reservoirs, there are no preventive vaccines or drugs for Leishmaniasis yet. In addition, the influences of environmental factors on its maintenance and emergence remain poorly understood. So, given these facts, it will be effective to study about the factors contributing to this disease and propose guidelines in order to decrease its prevalence.
The past [15] [16] [17] [18] [19] [20] In this study GIS is used to perform statistical and spatial analysis on a retrospective database, including the total number of incidence of Leishmaniasis in Isfahan, Iran, between 2007 and 2009. The output of the study helps in determining the contribution of different socioenvironmental factor to the prevalence of the Leishmaniasis disease. It also produces a map showing the relative risk of each area for this disease.
II. METHODS

A. Study Area
Isfahan is one of the provinces of the country Iran. ) and is a well-known endemic area of Leishmaniasis. In order to perform this study the information on the total number of Leishmaniasis cases, population, size of vegetation, soil and urban area for each sub-districts were gathered.
B. Geographically Weighted Regression (GWR)
THE GRW is a geostatistical analysis tool and is incorporated in ArcGIS V9.3. It is use to identify the spatially varying relationships between one variable (dependent variable) and a set of one or more independent variables in a spatially heterogenic environment from which the data are drawn. The equation for a typical GWR version of the OLS regression model would be:
Where 'y' is the dependent variable, 'x k , k=1…m', is independent variable, for each of 'i, i= 1…n', observations with their known locations 'u'.
This method is applied in this study to find the spatial relationship between Leishmaniasis disease distribution as a dependant variable and four socio-environmental factors (population, size of vegetation, soil and urban area) as independent variables.
C. Analytical Hierarchy Process (AHP)
The AHP, developed by Thomas Saaty in the 1970s, is a Multi-Criteria Decision Analysis tool which decomposes a decision problem into a hierarchy of goal, criteria and alternatives, each of which can be analyzed independently. In this study, this method will be used to determine the relative risk value of each sub-district; so the goal is to prioritize the sub-districts based on their disease distribution risk value, and the criteria are: population, size of vegetation, urban and soil area, and alternatives are subdistricts.
After defining the levels of hierarchy, pairwise comparison matrices will be formed for criteria and alternatives. The pairwise comparison matrix for criteria consists of elements which are pairwise or mutual importance ratios between the criteria. These importance ratios are judged on the basis that how well every criterion serves and how important it is in reaching the final goal. On the other hand, pairwise comparison matrices for alternatives consist of pairwise importance ratios between each two alternatives according to each criterion which are decided based on how important each alternative is regarding to the criterion. So, in this case, there will be four alternative comparison matrices each of them relating to one of the four criteria.
TABLEI TRIANGULAR FUZZY CONVERSION SCALE
When comparing options in a pairwise comparison, the scale rating introduced by Saaty (1980) is used. Once the pairwise comparison matrices are developed, there are different methods provided by AHP which can be used to determine the final weights from which the Ideal Mode AHP method will be used in this study. Actually, these computed alternatives• weights represent the disease distribution risk value according to the aforementioned four criteria corresponding to each sub-district.
It should be noted that, importance ratios based on Saaty scale are expressed in crisp numbers from 1 to 9 while in reality some of the evaluation criteria are subjective and qualitative which will be very difficult for the decision maker to express their preferences using exact numerical values. In this regard, Fuzzy AHP method will be also used with the data to see which of these two methods can express the result in more appropriate way.
D. Fuzzy AHP
In order to apply Fuzzy AHP method, Chang's Extent Analysis Method is performed by writing and running MATLAB codes. Chang (1996) introduces a new approach for handling fuzzy AHP, with the use of triangular fuzzy numbers (TFN) in the form of a ij = (α ij ,β ij , γ ij ) as importance ratios, and the use of the extent analysis method for the synthetic extent values of the pairwise comparisons. In this method, while the same hierarchy used in AHP method will be applied, the pairwise ratios are based on triangular fuzzy numbers (Table I) reflecting the uncertainty in human decisions regarding the relative importance of criteria and alternatives. When the pairwise comparison matrices are formed, a series of calculations will be applied on them by running MATLAB codes to compute criteria and alternatives weights.
III. RESULTS
A. GWR Outputs
THE GRW method has been used to find the spatial relationship between Leishmaniasis disease incidences as dependant variable with population, vegetation, soil and urban area as independent variables. The results of the GWR analysis indicates that the multiple R and R2 for this model are respectively 0.985 and 0.968 meaning that the four socio-environmental factors can explain 96.8% of the total variation in the Leishmaniasis incidence. So, these parameters can be used to evaluate the disease prevalence risk relating to each sub-district.
Soil has been found to be the factor with biggest positive influence on disease distribution and vegetation and population are the second and third important positive factors respectively. In addition, urban coefficient is negative for all sub-districts meaning that its increase would result in a decrease in the Leishmaniasis occurrence. These acquired coefficients are used for the pairwise comparison 
B. AHP and Fuzzy AHP Outputs
By comparing the factors' coefficients resulted from GWR analysis with respect to the goal and also with the knowledge and understanding of decision making problem the criteria pairwise comparison matrix is formed in a way that if a ij is the element of matrix stated in row i and column j then the formula of a ji = 1/a ij calculates the corresponding element of a ji in the symmetric pairwise comparison matrix (TABLEII).
Moreover, by comparing computed criteria effects in sub-districts, alternatives pairwise comparison matrices are also defined. In this regard, since the study area consists of total number of 40 sub-districts, it is divided into three zones, zone1, zone 2, and zone3, which are respectively southern, central, and northern zones, to facilitate computations.
All criteria and alternatives comparison matrices are then fuzzified based on the Triangular Fuzzy Conversion Scale to be used for Fuzzy AHP analysis. For example, the fuzzified criteria comparison is illustrated in TABLEIII.
After forming the matrices, AHP and Fuzzy AHP methods are performed by running MATLAB codes. The final weights are shown in TABLEIV.
According to the TABLEIV, the order of criteria with respect to their weights is the same in the two applied methods. Both methods have urban as the highest weight meaning that this criterion has the most effect on the distribution of Leishmaniasis disease. Although the order of criteria is the same, the resulted weights are different in two methods. In the fuzzy AHP method the urban and soil which are the first and second most important factors are much more significant compared to the AHP method and in reverse, the vegetation criterion has less weight. This means there shall be more emphasize on urban and soil criteria (more important criteria) in prioritizing the risk levels.
Another distinction point between the methods is about the zero weight of population criterion resulted from fuzzy AHP. Maybe it seems strange at first, but fuzzy AHP executives find it very natural when a criterion is absolutely not important than all the criteria in its level. Actually fuzzy pairwise comparisons provide that if a criterion is less important than all of the others, then relatively this criterion has no importance in decision making and the weight is zero.
As a result, with the differences in criteria weights, there will be absolutely some differences between the global weights of sub-districts resulted from the two different methods.These differences can be seen in TABLEV. By comparing the weights in this table some significant changes can be noted between the results of AHP and fuzzy AHP methods for some sub-districts. For example, by applying the AHP method the Padena and Bonrud sub-districts in zone 1 would almost have the same weights.
If we look at the table of parameter effects (TABLEVI), we can see that while urban, which is the first and most important factor in the distribution of disease, have the same effect on these two areas, soil, which is the second most important factor, has a positive effect in Padena and a negative one in Bonrud meaning that increasing the possibility of disease distribution in the former area and in reverse decreasing it in the latter one. In the AHP method by considering all of the criteria more vegetation effect in Bonrud compensate for the less effect of soil factor and result in mostly the same weights for the two areas. However, applying the fuzzy AHP emphasizes the effect of urban and soil and gives a more weight for Padena.
In addition, the order of sub-districts based on their weights has been changed in the results of two methods. For instance, in zone 1, Jarquye-Sofla is in a lower place than Bonrud in AHP method while it has a higher weight in fuzzy AHP method. Regardless of the urban and vegetation effect which is almost the same in two areas, the soil effect is much more in the first one. So, it is predictable to have higher weight for Jarquye-Sofla. It is interesting to note that while the weight of Jarquye-Olia, which has the most urban and soil effect among the others, has been increased in the fuzzy AHP method it is still the one with the most weight in two method. The same kinds of differences can be seen in zone 2 and 3 which can be justified by the same reasons.
In short Fuzzy AHP method has made the differences among the sub-district weights more prominent by eliminating the unnecessary population criterion having not important value when compared with the other criteria and expressing the more important urban and soil criteria. Actually, this enables us to emphasize on more important factors in determining the risk levels for the sub-districts. However it should be stressed that these results do not tell the AHP method is not reliable in decision making processes. The important point is that if the evaluations are not certain, fuzzy method should be preferred because it gives more prominent results.
C. Risk Map Development
Comparisons between the results of the AHP and Fuzzy AHP methods shows the significance of the weights resulted from Fuzzy AHP method and hence been used to develop final risk map. Risk maps are created by importing the fuzzy AHP weights, calculated by running MATLAB using fuzzified pairwise comparison matrices, into the GIS software (ArcGIS 9.3). Figure2 illustrates the risk map for the whole study area showing differences in the risk levels divided into five classes corresponding to each sub-district. Figure2 .
TABLEVI FACTORS' EFFECTS CALCULATED BY MULTIPLYING FACTORS COEFFICIENTS AND FACTORS VALUES
Sub-District
Population -Effect
Vegetation -Effect
UrbanEffect
SoilEffect
Developed Risk Map of the Whole Study Area Using Fuzzy AHP Method
IV. DISCUSSION
As it can be seen in Figure2. Markazi sub-district of Esfahan district has a low level of disease distribution risk. Higher level of sanitation, equipped hospitals, educated people, and positive effect of prevention programs are the primarily reasons leading to a less Leishmaniasis disease occurrence potential in this area. It is the same in Markazi sub-districts of Felavarjan and Khomeini-shahr districts which are on the west side of Markazi (Esfahan) sub-district. These are the cities with big universities and important industries, and there are lots of people communicating to these two sub-districts daily. As a result, they are of special importance for the governments and there have been different prevention programs applied to these areas to control the disease. Actually Markazi (Felavarjan) is the second highest populated sub-district in the Esfahan province.
In addition to the facts which have been outlined above, the map shows an increasing risk trend toward the margins of the study area. As we get far from the Esfahan city, which is the centre of Esfahan province, while the population and as a result the size of urban area decreases, the size of soil and vegetation area increases. In this area the level of education is low and most people are unaware of the Leishmaniasis disease and its consequences. Furthermore the people do not have good access to equipped hospitals or even professional doctors. Sanitation is in a low level and even in some areas no prevention program is applied yet. So, it is clear and expectable that the possibility of disease distribution will increase as one move toward the marginal areas.
It is interesting to note that in the north-east sub-districts the above mentioned trend is reverse. While the size of soil area increases incredibly in Anarak and Khur&Biabanak sub-districts, the disease risk level decreases in these areas. Since gerbils which are the reservoirs of Leishmaniasis disease live under the ground in soil, it is expected that the increase in the size of soil area would increase the possibility of disease distribution. What is surprising is that the soil factor has a negative effect in these two sub-districts meaning that decreasing the disease risk in them. This is due to the positive effect of prevention programs. One kind of prevention practices relating to the soil is to plant some specific kind of thistle in soil which distributes its root in the soil and prevents gerbils from nesting in soil area. This program has been employed in these two sub-districts and the positive effect of this program can be seen in Figure2.
V. CONCLUSIONS
In this study, prediction of Leishmaniasis risk based on socio-environmental factors was investigated in a Leishmaniasis endemic area of Isfahan. The data analysis and modelling revealed that the socio-environmental factors such as population, vegetation, urban and soil area significantly affected the incidence of Leishmaniasis.
Regression analysis was found to be an appropriate technique for identifying significant social risk indicators which contributed to increased transmission of disease. GWR results illustrated that the four socio-environmental factors contribute to 96.8% of the total variation in the Leishmaniasis incidence. Therefore, any step taken to improve these social and environmental factors would have favourable effects on reducing Leishmaniasis cases. It was found that Soil is the factor with biggest positive influence on disease distribution. In addition, urban coefficient is negative for all sub-districts which signify that its increase results in a decrease in the Leishmaniasis occurrence.
The risk map provides valuable information which can be used by the Public Health Department for the planning of precautionary measures and for controlling the spread of Leishmaniasis. It would contribute significantly to the spatial prediction of social risk levels. Furthermore, it could assist in focusing and implementing precautionary and preventive strategies to monitor and control the incidence of Leishmaniasis more effectively.
The trend of risk increase illustrates that as one move away from the central city, the probability of disease prevalence increases. Moreover, the surprising low and very low risk of north-east sub-district with large soil area indicates the positive effect of prevention programs related to soil effects and encourages their further use.
